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(54) Apparatus for controlling supercharging pressure in internal combustion engine 



(57) The diesel engine (10) is provided with a vari- 
able displacement turbo-charger (30) for adjusting the 
supercharging air pressure in an intake passage (22). 
The turbo-charger (30) includes a turbine (32) having 
variable vanes (36). The variable vanes (36) open and 
close to change the flow rate of exhaust gas passing 
through the turbine (32). The variable vanes (36) are 
controlled based on the operational status of the engine 



(1 0) : including the engine speed N , the fuel oil consump- 
tion Q, the engine water temperature Tw, the super- 
charging pressure Pb, the atmospheric pressure Pa and 
the atmospheric temperature Ta, and the position of an 
EGR valve (50). Thus, the variable vanes (36) are suit- 
ably controlled according to the operational status of the 
internal combustion engine to achieve fine control of the 
supercharging pressure. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an apparatus 
for controlling supercharging pressure in an internal 
combustion engine, and more specifically, to an appa- 
ratus for controlling supercharging pressure in an intake 
passage of an internal combustion engine having a var- 
iable displacement turbo-charger. 
[0002] Japanese Unexamined Patent Publication No. 
Hei 8-270454 discloses a vehicular internal combustion 
engine. This engine is provided with a variable displace- 
mentturbo-charger. which includes a turbine and a built- 
in variable position vanes : and an exhaust gas recircu- 
lator, which includes a recirculating passage and an ex- 
haust gas recirculating valve (EGR valve) located in the 
recirculating passage. The exhaust gas recirculator 
connecls Ihe exhaust passage and the inlake passage 
to each other. The variable displacement turbo-charger 
changes the pressure of the gas in the exhaust passage 
by changing the opening of the variable vanes. A small 
opening of the variable vanes increases the pressure of 
the gas in the exhaust passage; and a large opening of 
the variable vanes reduces the pressure of the gas in 
the exhaust passage. The exhaust gas recirculator 
feeds some of the gas in the exhaust passage back to 
the intake passage, through the EGR valve, based on 
the difference between the upstream pressure and the 
downstream pressure of the EGR valve to reduce the 
combustion temperature in the combustion chamber 
connected to the intake passage. This inhibits formation 
of nitrogen oxides (Nox). 

[0003] In the above constitution, the optimum amount 
of exhaust gas to be recirculated in accordance with the 
load of the internal combustion engine is decided by 
controlling the variable vanes or the EGR valve. The su- 
percharging pressure in the intake passage is held at a 
desired level under feedback control of the variable 
vanes. In other words, based on the difference between 
the actual supercharging pressure and a target super- 
charging pressure, the opening of the variable vanes is 
controlled to steer the actual supercharging pressure to 
the target supercharging pressure. 
[0004] The variable vanes are used to determine both 
the quantity of exhaust gas to be recirculated and the 
supercharging pressure. Such an internal combustion 
engine is extremely useful in that it can recirculate an 
optimum quantity of exhaust gas under control of the 
opening of the variable vanes. However, this engine has 
problems in the process of approximating the actual su- 
percharging pressure to the target supercharging pres- 
sure under control of the opening of the variable vanes. 
[0005] In the process of controlling the opening of the 
variable vanes so as to direct the actual supercharging 
pressure to the target supercharging pressure, the up- 
stream pressure of the EGR valve in the above internal 
combustion engine starts to increase earlier than the 
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downstream pressure thereof. This increases the differ- 
ence between the upstream pressure and the down- 
stream pressure of the EGR valve. With the increase in 
the differential pressure, an excessive amount of ex- 
5 haust gas passes through the recirculating passage, 
which releases black smoke from the exhaust gas sys- 
tem. 

[0006] Further, there is no established technique of 
effectively controlling the revolution speed of the turbine 
10 in the variable displacement turbo-charger in response 
to environmental changes including, for example, 
changes in engine water temperature, changes in at- 
mospheric pressure and changes in atmospheric tem- 
perature. 

15 [0007] Referring further to the feedback control of the 
variable vanes, there is no established technique for ef- 
fectively controlling the opening of the variable vanes 
depending on the load of the internal combustion en- 
gine. 

20 

SUMMARY OF THE INVENTION 

[0008] It is an objective of the present invention to pro- 
vide an apparatus for controlling supercharging pres- 

25 sure in an internal combustion engine provided with a 
variable displacement turbo-charger having variable 
vanes for controlling supercharging air pressure in an 
intake passage. The opening of the variable vanes is 
suitably controlled depending on the operational status 

30 of the internal combustion engine. 

[0009] To achieve the objective, an apparatus for con- 
trolling supercharging pressure in an internal combus- 
tion engine includes an exhaust passage, a turbine lo- 
cated in the exhaust passage, an intake passage, a 

35 compressor located in the intake passage, a recirculat- 
ing passage and a control valve located in the recircu- 
lating passage. The turbine has variable position vanes 
which open and close to change the flow rate of an ex- 
haust gas through the turbine. The exhaust gas applies 

^0 a driving torque to the turbine. The compressor supplies 
air to the internal combustion engine depending on the 
driving torque of the turbine. The recirculating passage 
connects the exhaust passage and the intake passage 
to each other Lo recirculate exhaust gas from the ex- 

^5 haust passage to the intake passage. The position of 
the control valve is varied to adjust the quantity of ex- 
haust gas passing through the recirculating passage. 
The apparatus is characterized in that the position of the 
variable vanes is controlled according to the position of 

50 the control valve. 

[001 0] Other aspects and advantages of the invention 
will become apparent from the following description, tak- 
en in conjunction with the accompanying drawings, il- 
lustrating by way of examples the principles of the in- 

55 vention. 
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BRIEF DESCRIPTION OF THE DRAWING 

[001 1] The invention together v/ith the objects and ad- 
vantages thereof, may best be understood by reference 
to the following description of the presently preferred 5 
embodiments together with the accompanying drawings 
in which: 

Fig. 1 is a schematic view oi an automotive diesel 
engine according to the present invention; 

Fig. 2 is a flow chart showing a process for control- 
ling VN opening; 

Fig. 3 is a flow chart minutely illustrating Step S20 
in Fig. 2; 

Fig. 4 is a chart showing how a target VN opening 
VI of Fig. 3 is calculated; 

Fig. 5 is a graph showing correlation between en- 
gine load and the target supercharging pressure; 

Fig. 6 is a map showing a maximum VN opening Val 
when the EGR valve is closed totally; 

Fig. 7 is a map showing a maximum VN opening 
Va2 when the EGR valve is opened fully; 

Fig. 8 is a map showing a basic VN opening Vb; 

Fig. 9 is a graph showing correlation between the 
EGR valve opening and the maximum VN opening 

Va: and 

' Fig. 10 is a graph showing correlation between the 
engine revolution speed N and the minimum VN 
opening Vi.. . 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0012] The apparatus and the method for controlling 
supercharging pressure in an internal combustion en- 
gine will be described below according to one embodi- 
ment of the present invention referring to the attached 
drawings. 

[001 3] First, an internal combustion engine with which 
the invention is used will be described referring to Fig. 
1 . Fig. 1 is a schematic view showing pertinent portions 
of an automotive diesel engine in the present invention. 
As shown in Fig. 1, a diesel engine 10, which is cm- 
ployed here as the internal combustion engine : has a 
combustion chamber 12. The combustion chamber 12 
is connected to an exhaust passage 20 and to an intake 
passage 22 through a discharge port and a suction port, 
respectively. A fuel injection nozzle 14 is located in the 
combustion chamber 12. A quantity of fuel, which de- 
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pends on the degree of depression of the accelerator 
pedal, is injected from the fuel injection nozzle 14 toward 
the combustion chamber 12. The diesel engine 10 also 
has a variable displacement turbo-charger 30 for con- 
trolling supercharging pressure. The turbo-charger 30 
has a turbine 32 attached to the exhaust passage 20 
and a compressor 34 attached to the intake passage 22. 
Torque generated by the turbine 32 drives the compres- 
sor 34 to feed compressed air to the intake passage 22. 
Thus, when exhaust gas is exhausted from the combus- 
tion chamber 12 to the exhaust passage 20, a torque, 
which depends on the pressure of the exhaust gas, is 
applied to the compressor 34. The compressor 34 is 
then driven to force compressed air having a predeter- 
mined pressure (supercharging pressure) to the intake 
system of the diesel engine 10. 

[0014] The turbine 32 has variable position vanes 36. 
The variable vanes 36 are opened or closed to change 
the flow rate of the exhaust gas passing through the tur- 
bine 32. The variable vanes 36 are arranged around the 
periphery of a rotor (not shown) and are driven by an 
actuator 40. The actuator 40 is connected to a vacuum 
pump (not shown) serving as a negative pressure 
source through a vacuum regulating valve (VRV) 42. 
The VRV 42 adjusts the negative pressure generated 
by the vacuum pump to drive the variable vanes 36 so 
that they are opened orclosed. When the variable vanes 
36 are actuated, the gap between the variable vanes 36 
and the rotor is changed to change the opening, or po- 
sition, of the variable vanes 36 (hereinafter referred to 
as the VN opening). This changes the flow rate of the 
exhaust gas flowing through the turbine 32 and the su- 
percharging pressure in the intake passage 22. For ex- 
ample, if the variable vanes 36 are moved in the closing 
direction, the driving force of the compressor 34Js in- 
creased to increase the supercharging pressure. Mean- 
while, if the variable vanes 36 are moved in the opening 
direction, the driving force of the compressor 34 is re- 
duced to reduce the supercharging pressure. 
[0015] A recirculating passage 24 is located between 
the upstream side of the turbine 32 in the exhaust pas- 
sage 20 and the downstream side of the compressor 34 
in the intake passage 22. The recirculating passage 24 
communicates with the exhaust passage 20 and the in- 
take passage 22. The recirculating passage 24 includes 
an exhaust gas recirculating valve (EGR valve) 50 for 
regulating the recirculating passage. An actuator (not 
shown) opens or closes the EGR valve 50. When the 
EGP valve 50 is, for example, in an open state, some of 
the exhaust gas in the exhaust passage 20 is recircu- 
lated to the intake passage 22 through the recirculating 
passage 24. When the EGR valve 50 is closed, the ex- 
haust passage 20 and the recirculating passage 24 are 
isolated to prevent recirculation of the exhaust gas in 
the exhaust passage 20. 

[0016] The diesel engine 1 0 in this embodiment is pro- 
vided with various detectors for detecting the load of the 
diesel engine and the operational status thereof. More 
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specifically, the diesel engine 1 0 has a revolution speed 
sensor 60, a water temperature sensor 62, a super- 
charging pressure/atmospheric pressure sensor 64 and 
an atmospheric temperature sensor 68. The revolution 
speed sensor 60 detects the revolution speed N of the 
engine. The water temperature sensor 62 detects the 
water temperature Tw in the engine. The supercharging 
pressure/atmospheric pressure sensor 64 is located in 
the intake passage 22 on the downstream side of the 
compressor 34, through a vacuum switching valve 
(VSV) 44. The supercharging pressure/atmospheric 
pressure sensor 64 detects either the supercharging 
pressure Pb in Lhe engine or the atmospheric pressure 
Pa by operating the VSV 44. The atmospheric temper- 
ature sensor 68, which detects the atmospheric temper- 
ature Ta : is located in the intake passage 22 on the up- 
stream side of the compressor 34. 
[0017] The revolution speed sensor 60, the water 
temperature sensor 62, the supercharging pressure/at- 
mospheric pressure sensor 64 and the atmospheric 
temperature sensor 68 are all connected to an electronic 
control unit (ECU) 70. The respective data detected by 
the sensors are input to the ECU 70. Then, control sig- 
nals based on the input data are output to the variable 
vanes 36 and to the EGR valve 50. 
[0018] The process shown in Fig. 2 is performed to 
control the position of the variable vanes 36. In Step 
S10, the engine revolution speed N r the fuel oil con- 
sumption rate Q, the engine water temperature Tw, the 
supercharging pressure Pb, the atmospheric pressure 
Pa. the atmospheric temperature Ta and the EGR valve 
opening coefficient Ec are detected. As described 
above, the sensors 60, 62 ; 64 and 68 detect the engine 
revolution speed N ; the engine water temperature Tw, 
the supercharging pressure Pb, the atmospheric pres- 
sure Pa and the atmospheric temperature Ta, respec- 
tively, and send the detected data to the ECU 70. The 
ECU 70 reads the fuel oil consumption Q as data for 
controlling the injection nozzle, and reads the EGR 
3fr* " valve opening coefficient Ec as data for controlling the 

actuator 40 for driving the EGR valve. The EGR valve 
opening coefficient Ec is set depending on the opening 
position of the EGR valve 50, for example, from 0 to 1 
(0 represents a totally closed state and 1 means a fully 
opened state). 

[001 9] Next, in Step S20. a target VN opening position 
Vt of the variable vanes 36 is calculated based on the 
detected data. In Step S30. the actuator 40 iscontrolled 
based* on the target VN opening position Vt, which is 
calculated to adjust the actual VN opening of the varia- 
ble vanes 36 to a desired position. 
[0020] In other words, in this embodiment, the open- 
ing position of the variable vanes 36 is controlled de- 
pending not only on the operational status of the engine, 
including the engine revolution speed N ; the fuel oil con- 
sumption Q, engine water temperature Tw, the super- 
charging pressure Pb, the atmospheric pressure Pa and 
the atmospheric temperature Ta but also on the position, 



I78 192A2 6 

or opening size, of the EGR valve 50. 
[0021 ] In computing the target VN opening position Vt 
of the variable vanes 36 shown in Fig. 3, the target VN 
opening position Vt is calculated according to Expres- 

5 sions (1) to (13) shown in Fig. 4. In Expressions (1) to 
(13) : map functions based on predetermined maps are 
represented by f1 to f7, hi : h2 and g1 to g3, respectively. 
[0022] First, inStepS21 in Fig. 3, a target supercharg- 
ing pressure Pt is calculated. The target supercharging 

10 pressure Pt is selected from the smallest of the basic 
target supercharging pressure Pb1 and the maximum 
target supercharging pressure Pb3. The basic target su- 
percharging pressure Pb1 is set according to a map, 
which is a function of the engine revolution speed N and 

15 the fuel oil consumption Q (see Expression (1) in Fig. 
4). The maximum target supercharging pressure Pb3 is 
set by correcting the basic maximum target supercharg- 
ing pressure Pb2 in the basic target supercharging pres- 
sure Pb1 (see Expression (2) in Fig. 4) based on the 

20 atmospheric pressure Pa, the engine water temperature 
Tw and atmospheric temperature Ta (see Expression (3) 
in Fig. 4). 

[0023] Now, referring to Fig. 5, the calculation of the 
target supercharging pressure is explained more spe- 

25 cifically. In Fig. 5, the basic target supercharging pres- 
sure Pb1 is indicated by the thin solid line (which partly 
overlaps the thick solid line). The basic target super- 
charging pressure Pb1 is set depending on the correla- 
tion between the engine load (engine revolution speed 

30 N and fuel oil consumption Q) and the target super- 
charging pressure. In the range where the engine load 
is greater than 100%, the basic target supercharging 
pressure Pb1 is the basic maximum target supercharg- 
ing pressure Pb2. The basic maximum target super- 

35 charging pressure Pb2 is the maximum limit of the basic 
target supercharging pressure Pb1. The limit includes 
the limit of the revolution speed of the turbine 32 and the 
limit of the pressure in the cylinders of the engine. Next, 
the basic maximum target supercharging pressure Pb2 

40 is corrected based on the atmospheric pressure Pa, the 
engine water temperature Tw and the atmospheric tem- 
perature Ta to find Pb3. Thus, the target supercharging 
pressure Pt is set. 

[0024] Such correction will be described referring to 
45 Rg. 5. Conventionally, the target supercharging pres- 
sure is set by shifting the basic target supercharging 
pressure Pb1 (dashed line in Fig. 5) horizontally right- 
ward such that the target supercharging pressure under 
100% load coincides with the maximum target super- 
50 charging pressure. This allows the target supercharging 
pressure to maintain the maximum limit under 100% 
load. However, the target supercharging pressure under 
a low load region of less than 1 00% becomes lowerthan 
the uncorrected preset value. Correction is carried out 
55 jn this embodiment to select the smaller of the basic tar- 
get supercharging pressure Pb1 and the maximum tar- 
get supercharging pressure Pb3 as the target super- 
charging pressure, as indicated by the thick solid line in 
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Fig. 5. This maintains the maintenance of the maximum 
limit at the maximum target supercharging pressure Pb3 
under 100% load and prevents the preset target super- 
charging pressure from dropping in the low load region. 
[0025] As a result, this embodiment not only prevents 
a reduction in the target supercharging pressure in the 
low load region caused by disturbances including, for 
example, changes in the atmospheric pressure Pa, 
changes in the engine water temperature Tw and chang- 
es in the atmospheric temperature Ta : but also prevents 
the turbine 32 from spinning too rapidly and prevents 
the internal pressure of the cylinders in the engine 10 
from becoming too high, which protects the turbo-charg- 
er 30 and the diesel engine 1 0 from damage. 
[0026] Next, in Step S22 in Fig. 3, the minimum VN 
opening position Vi of the variable vanes 36 in the open- 
ing direction is calculated. The minimum VN opening Vi 
is set according to a map, which is a function of the en- 
gine revolution speed N according to Expression (5) in 
Fig. 4 (see Fig. 10). As shewn in Fig. 10, the correlation 
between the engine revolution speed N (rpm) and the 
minimum VN opening position Vi (%) gives a limit value 
in the opening direction of the variable vanes 36, as in- 
dicated by the limit value line in Fig. 10. The part above 
the solid line in Fig. 1 0 is defined as an applicable region. 
In Fig. 10, when the minimum VN opening position Vi is 
0 (%), the variable vanes 35 are opened fully, and when 
Vi is 100 (%), the variable vanes 36 are totally closed. 
[0027] As described above, by setting the limit value 
in the minimum VN opening position Vi in the opening 
direction, the actual supercharging pressure exceeds 
the target supercharging pressure when the accelera- 
tion pedal is because of the residual supercharging 
pressure, so that the VN opening is controlled in the 
opening direction. Further, starting up of supercharging 
again when the engine 10 is reaccelerated is promoted 
to ensure reacceleration performance. 
[0028] Next, in Step S23 in Fig. 3, the maximum VN 
opening Va in the ciosing direction is calculated. The 
maximum VN opening Va is set according to Expres- 
sions (6) to (10) in Fig. 4. First, the maximum VN open- 
ing Val when the EGR valve 50 is totally closed and the 
maximum VN opening Va2 when the EGR valve 50 is 
opened fully (see Expressions (6) and (7) in Fig. 4) are 
determined. 

[0029] Next, both the maximum VN opening Val and 
the maximum VN opening Va2 are set according to 
maps determined respectively as functions of the en- 
gine revolution speed N and fuel oil consumption Q (see 
Figs. 6 and 7). As shown in Figs.S and 7, the maximum 
VN opening values Val (%) and Va2 (%) are set depend- 
ing on the engine revolution speed N (rpm) and the fuel 
oil consumption Q (mm 3 /stroke). In Figs. 6 and 7, the 
lines (100 %) represent the state where the variable 
vanes 36 are totally closed. 

[0030] The maximum VN opening Va when the EGR 
valve 50 has a predetermined degree of opening is cal- 
culated based on the EGR valve coefficient Ec (see 



Equation (10) in Fig. 4). The supercharging pressure 
correction factor Pf in Equation (10) is set up according 
to a map determined based on the engine revolution 
speed N and the supercharging pressure difference Pd 

5 (see Equation (9) in Fig. 4). The supercharging pressure 
difference Pd is the difference between the target su- 
percharging pressure Pt and the actual supercharging 
pressure Pb (Equation (8) in Fig. 4). 
[0031] As a result, a correlation is established be- 

10 tween the EGR valve opening (%) and the maximum VN 
opening Va (%), as shown in Fig. 9. This correlation has 
a limit value line in the direction of closing the variable 
vanes 36 as indicated by the solid line in Fig. 9. The part 
lower below the limit value line is defined as an applica- 

'5 ble region. In Fig. 9, when the maximum VN opening 
position Va is 0 (%), the variable vanes 36 are opened 
fully; when Va is 100 (%), the variable vanes 36 are to- 
tally closed. When the EGR valve opening is 0 (%), the 
EGR valve 50 is totally closed; when the EGR valve 

20 opening position is 100(%),the EGR valve 50 is opened 
fully. 

[0032] By setting a limit value in the maximum VN 
opening Va in the direction of closing the variable vanes 
36, as described above, the VN opening position is con- 

25 trolled in the closing direction in the transitional phase 
where the variable vanes 36 are controlled to direct the 
actual supercharging pressure to the target supercharg- 
ing pressure. This prevents an excessive amount of ex- 
haust gas from flowing into the recirculating passage 24 

30 and limits the amount of black smoke released from the 
exhaust system. Further, the limit value set in the direc- 
tion of closing the variable vanes 36 controls limits of 
the supercharging pressure and prevents overspeeding 
of the turbine 32, for example, when the EGR valve 50 

35 is totally closed. 

[0033] Next, in Step S24 in Fig. 3 : a VN opening feed- 
back variable Vc is calculated to serve as a feedback 
control variable. The VN opening feedback variable Vc 
can be obtained by adding the integral (first term), the 

40 proportional (second term) and the differential (third 
term) as shown by Expression (11) in Fig. 4. These 
terms can be set according to maps determined respec- 
tively based on the engine revolution speed N, fuel oil 
consumption Q, the target supercharging pressure Pt 

45 and actual supercharging pressure Pb. Here, the gain 
of the proportional (second term) and that of the differ- 
ential (third term) are changed depending on the coef- 
ficient g2 (N ,Q) and the coefficient g3 (N ,Q) respectively. 
Therefore, if any changes occur in the engine revolution 

so speed N, fuel oil consumption Q, target supercharging 
pressure Pt or actual supercharging pressure Pb, the 
VN opening feedback variable Vc is corrected to an op- 
timum value depending on the operational status of the 
diesel engine 10 (e.g., engine load, turbine revolution 

55 speed and supercharging pressure). This correction 
prevents, for example, overspeeding of the turbine 32. 
The variable gains of the proportional and differential 
enable more suitable control of supercharging pressure 
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than fixed gains. 

[0034] Next, in Step S25 in Fig. 3. a basic VN opening 
Vb is calculated (see Equation (12) in Fig. 4). The basic 
VN opening Vb is set up according to a map determined 
based on the engine revolution speed N (rpm) and the 5 
fuel oil consumption Q (mm 3 /stroke) (see Fig. 8). In Fig. 
8, the 1 00% line represents the state where the variable 
vanes are closed totally. 

[0035] Next, in Step S26 in Fig. 3, the target VN open- 
ing Vt is calculated. The target VN opening Vt is set 10 
based on the minimum VN opening VL maximum VN 
opening Va, VN opening feedback variable Vc and basic 
VN opening Vb calculated in steps S22 to S25 (see 
Equation (13) in Fig. 4). More specifically, the minimum 
VN opening Vi is compared with the sum of the basic 15 
VN opening Vb and the VN opening feedback variable 
Vc. and the greater of the two is selected. Further, the 
selected opening is compared with the maximum VN 
opening Va, and the smaller of the two is selected as 
the target VN opening Vt. 20 
[0036] Accordingly, the variable vanes 36 are control- 
led depending on the opening of the EGR valve 50 to 
adjust the supercharging air pressure. This enables fine 
control of the supercharging pressure in dicscl engines 
1 0 having the function of controlling supercharging pres- 25 
sure and the function of controlling the quantity of ex- 
haust gas to be recirculated. 

[0037] The operational range of the variable vanes 36 
is limited depending on the opening of the EGR valve 
50. In the transitional phase, where the variable vanes 30 
36 are controlled to direct the actual supercharging 
pressure to the target supercharging pressure, the VN 
opening is controlled in the closing direction. This pre- 
vents an excessive amount of exhaust gas from flowing 
through the recirculating passage 24 and minimizes the 35 
amount of black smoke released from the exhaust sys- 
tem. Setting the limit value in the closing direction of the 
variable vanes 36 inhibits excessive increase in the su- 
percharging pressure to prevent overspeeding of the 
turbine 32, for example, when the EG R valve 50 is totally 40 
closed. In addition, the limit value set in the direction of 
opening the variable vanes 36 promotes the starting up 
of supercharging upon reacceleration of the engine to 
improve reacceleration response. 

[0038] Further, this embodiment prevents a reduction 45 
in the target supercharging pressure Pt caused by dis- 
turbances including, for example, changes in atmos- 
pheric pressure Pa : changes in engine water tempera- 
ture Tw and changes in atmospheric temperature Ta, 
from occurring in the low engine load region. Not only so 
are overspeeding of the turbine 32 and excessive in- 
creases in the cylinder pressures in the engine 10 pre- 
vented, but the turbo-charger 30 and the diesel engine 
10 are protected from damage. 

[0039] In addition, according to this embodiment, the 55 
VN opening feedback variable Vc is corrected to an op- 
timum value depending on the operational status of the 
diesel engine 10 (including engine load, turbine revolu- 



tion speed and supercharging pressure), so that over- 
speeding is prevented from occurring in the turbine 32. 
[0040] It should be apparent to those skilled in the art 
that the present invention may be embodied in many 
other specific forms without departing from the spirit or 
scope of the invention. Particularly it should be under- 
stood that the invention may be embodied in the follow- 
ing forms: 

[0041] The expression "internal combustion engine" 
referred to herein includes various kinds of engines in- 
cluding diesel engines and gasoline engines. Therefore, 
while an apparatus for controlling supercharging pres- 
sure in a diesel engine 10 were described in the above 
embodiment, the present invention can be applied to 
other types of internal combustion engines. The present 
invention can be applied, for example, to gasoline en- 
gines, particularly to a lean-burn engine that exhausts 
relatively large amounts of unburned components. 
[0042] Therefore, the present examples and embod- 
iments are to be considered as illustrative and not re- 
strictive, and the invention is not to be limited to the de- 
tails given herein, but may be modified within the scope 
of the appended claims. 

[0043] The dicscl engine (1 0) is provided with a vari- 
able displacement turbo-charger (30) for adjusting the 
supercharging air pressure in an intake passage (22). 
The turbo-charger (30) includes a turbine (32) having 
variable vanes (36). The variable vanes (36) open and 
close to change the flow rate of exhaust gas passing 
through the turbine (32). The variable vanes (36) are 
controlled based on the operational status of the engine 
(1 0) ; including the engine speed N , the fuel oil consump- 
tion Q } the engine water temperature Tw, the super- 
charging pressure Pb, the atmospheric pressure Pa and 
the atmospheric temperature Ta, and the position of an 
EGR valve (50). Thus, the variable vanes (36) are suit- 
ably controlled according to the operational status of the 
internal combustion engine to achieve fine control of the 
supercharging pressure. 

Claims 

1. An apparatus for controlling supercharging pres- 
sure in an internal combustion engine, wherein the 
engine includes: 

an exhaust passage (20); 
a turbine (32) located in the exhaust passage 
(20), the turbine (32) having variable position 
vanes (36), whichopen andclosetochangethe 
flow rate of an exhaust gas through the turbine, 
wherein the exhaust gas applies a driving 
torque to the turbine (32); 
an intake passage (22): 

a compressor (34) located in the intake pas- 
sage (22) , the compressor (34) supplying air to 
the internal combustion engine depending on 
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the driving torque of the turbine (32); 
a recirculating passage (24) connecting the ex- 
haust passage (20) and the intake passage 
(22) to each other to recirculate exhaust gas 
from the exhaust passage (20) to the intake 5 
passage (22); and 

a control valve (50) located in the recirculating 
passage (24), wherein position of the valve (50) 
is varied to adjust the quantity of exhaust gas 
passing through the recirculating passage (24); to 

the apparatus being characterized in that the po- 
sition of the variable vanes (35) is controlled accord- 
ing to the position of the control valve (50). 

15 

2. The apparatus according to Claim 1 characterized 
in that a limit value (Va) is set to limit the position 
of the variable vanes (36) when the vanes (36) are 
being closed. 

20 

3. The apparatus according to Claim 1 or 2 charac- 
terized in that a limit value (Vi) is set to limit the 
position of the variable vanes (36) when the vanes 
(36) arc being opened. 

25 

4. The apparatus according to Claim 1 characterized 
in that the variable vanes (36) are controlled such 
that the actual supercharging pressure (Pb) is di- 
rected to a smaller supercharging pressure (Pt) that 
is selected from a basic target supercharging pres- 30 
sure (Pb1) and a maximum target supercharging 
pressure (Pb3). which are determined based on the 
operational status of the internal combustion en- 
gine. 

35 

The apparatus according to Claim 4 characterized 
in that the maximum target supercharging pressure 
(Pb3) is set by correcting a maximum value of the 
basic target supercharging pressure (Pb1) based 
on the atmospheric pressure (Pa), an engine water 40 
temperature (Tw) and the atmospheric temperature 
(Ta). 

6. The apparatus according to Claim 1 characterized 
in that the position of the variable vanes (36) is 
feedback-controlled, and a gain defining a feedback 
variable (Vc) changes depending on the super- 
charging pressure (Pb,Pt). 
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Fig. 2 
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Fig. 3 



Operating target 



VN opening 



position Vt 



Calculating target 
supercharging pressure Pt 



Calculating minimum 
VN opening position Vi 



Calculating maximum 
VN opening position Va 



I 



Calculating VN opening 
feedback variable Vc 




/ 


Calculating basic 
VN opening position Vb 




I 


Calculati 
VN opening 


ng target 
position Vt 


V 





( Ret 



urn 



•sai 



-S22 



•S24 



-S26 



BNSDOCJD <EP „ 1178192A2 I > 



10 



EP 1 178 192 A2 



[INPUT] 



Fig. 4 



Engine revolution speed 


N 


Fuel oil consumption 


Q 


Engine water temperature 


Tw 


Supercharging pressure 


Pb 


Atmospheric pressure 


Pa 


Atmospheric temperature 


Ta 


EGR valve opening coefficient 


Ec 



[OUTPUT] 



Basic target supercharging pressure 




Pbl (=f i (N, Q) ) 


-(1) 


Maximum basic target supercharging pressure 




Pb2 (-hi (N)) 


-(2) 


Maximu/n target supercharging pressure 




PD3 (=Pb2XKl (Pa) XK2 (Tw) xk3 (Ta) ) 


-(3) 


Target supercharging pressure 




Pt (=min (Pbl. Pb3) ) 


-(4) 


v 


Minimum VN opening position 




Vl(=h2(N)) 


-(5) 




Maximum VN opening position 




(when the EGA valve is totally closed) 




Val (=f2(N, Q) ) 


-(6) 


Maximum VN opening position 




(when the EGR valve is opened fully) 




Va2 (=f3(N, GO) 


-m 


Supercharging pressure difference 




Pd (=Pt-Pb) 


-(B) 


Supercharging pressure correction, factor 




Pf (=gl (N, Pb)) 


-(9) 


Maximum VN opening position 




va (= (val- (Val-Va2) xec) x Pf ) 


"(10) 


v 


VN opening feedback variable 




Vc (=f A (Pt. Pb) +f 5 (Pt. Pb) xg2 (N, Q) 


"(11) 


+f6(Pt. Pb) xg3(N, Q)F 


i 


Basic VN opening oosition 




Vb (=f 7 (N. Q) ) 


"(12) 




Target VN opening position 




vt (=min (Va. max (Vi. Vb+Vc) ) ) 
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Fig. 8 
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Fig. 6 
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Fig. 6 
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Fig. 10 
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